Introduction {#S0001}
============

Head and Neck Squamous Cell Carcinoma (HNSCC) is an aggressive and highly immunosuppressive malignancy.^[1](#CIT0001)--[3](#CIT0003)^ Consistently low survival rates of the patients diagnosed with advanced HNSCC are due to a high frequency of locoregional recurrence and resistance of HNSCC cancers to conventional therapies.^[4](#CIT0004)^ Most patients with HNSCC fail to respond to immunotherapy with immune checkpoint inhibitors, such as nivolumab or pembrolizumab,^[5](#CIT0005)^ and therapy with these antibodies does not lead to expected "normalization" of immune anti-tumor responses.^[5](#CIT0005)^ Patients' poor responsiveness to therapy might also be due to the presence of cancer stem cells (CSC), a subset of tumor cells which remain viable after therapy, retain their ability to proliferate and differentiate and proceed to re-populate the tumor.^[6](#CIT0006)^ Tumors, including HNSCC, take advantage of various resistance mechanisms to escape and progress. The absence of biomarkers that could differentiate tumors likely to respond from those that remain resistant to therapy has interfered with the development of effective therapeutic strategies for HNSCC. A search for disease-associated biomarkers in HNSCC is an ongoing quest.

Among a number of biomarkers considered potentially useful for diagnosis or prognosis of HNSCC, such as EGFR,^[7](#CIT0007)^ PD-L1,^[8](#CIT0008)^ TGF-β,^[9](#CIT0009)^ FasL^[10](#CIT0010)^ or CSPG4,^[11](#CIT0011),[12](#CIT0012)^ CD44 has emerged as an interesting molecule found to be overexpressed in tumors and also decorating CSCs.^[13](#CIT0013)^ Thus, in HNSCC, CD44+ cancer cells, but not CD44(-) cancer cells, were shown to promote the formation of new tumors.^[14](#CIT0014)^ CD44 is a transmembrane glycoprotein expressed in various cell types, including hematopoietic, epithelial or endothelial cells.^[15](#CIT0015),[16](#CIT0016)^ Alternative splicing of 1--10 exons on the chromosome 11p13 results in at least 20 variants of CD44.^[17](#CIT0017),[18](#CIT0018)^ Some of the isoforms are expressed on various normal cell types, while other variants are overexpressed on cancer cells. For example, CD44v6 was identified on tumor cells in various cancer tissues, including HNSCC.^[19](#CIT0019)--[22](#CIT0022)^ CD44v3 has been of special interest as a potential biomarker of disease progression in HNSCC, because its overexpression in HNSCC cells associates with increased proliferation, migration and a greater metastatic potential of HNSCC cancer cell lines and tumor tissues.^[22](#CIT0022),[23](#CIT0023)^ CD44v3 overexpression in HNSCC correlates with poor outcome, and similar associations were reported for colorectal cancer and malignant melanoma.^[23](#CIT0023)--[25](#CIT0025)^ Further, increased mRNA and protein levels of CD44v3 in HNSCC tumor tissues correlated to poor overall patient survival.^[23](#CIT0023),[24](#CIT0024)^ The CD44v3 protein binds to VEGF, and through this interaction, it mediates pro-angiogenic effects.^[25](#CIT0025),[26](#CIT0026)^ In addition to cell-associated CD44 isoforms, soluble CD44 proteins are also detectable in patients' plasma, although no reliable correlations of soluble CD44 with HNSCC progression have been established.^[27](#CIT0027)--[29](#CIT0029)^ The available data on the role of cell-associated and/or soluble CD44 and CD44 variants in tumor progression were performed mostly in cancer cell lines and only rarely in patient-derived samples. Few studies investigating soluble CD44v3 levels in HNSCC have been reported.^[30](#CIT0030),[31](#CIT0031)^ In contrast, newer data in the literature suggest that cell membrane associated CD44v3 in tumor cells might serve as a potential biomarker of HNSCC progression and outcome.^[21](#CIT0021),[22](#CIT0022),[32](#CIT0032)^ These data provided the rationale for our investigation of CD44v3 in tumor cell-derived exosomes.

Exosomes are a subset of small extracellular vesicles (EVs) that are produced by all cells and serve as an intercellular communication network.^[33](#CIT0033),[34](#CIT0034)^ Because exosomes originate from the multivesicular bodies (MVBs), these small vesicles (30--150 nm) are considered as molecular mimics of the parental cells.^[33](#CIT0033)^ Tumor cells produce large numbers of exosomes dubbed as "TEX," and TEX circulate freely in all body fluids^[35](#CIT0035)^ and could serve as readily accessible surrogates for tumor cells which produced them. Thus, plasma-derived TEX mimicking the content of the parent tumor cell and carrying CD44v3 protein emerge as potentially ideal biomarkers of HNSCC progression/response to therapy.

To capitalize on our capability to isolate TEX and non-TEX exosomes of HNSCC progression/response to therapy from supernatants of tumor cell lines or from plasma of cancer patients by immune capture,^[36](#CIT0036),[37](#CIT0037)^ we evaluated the role of CD44v3 carried by exosomes from plasma of HNSCC patients as liquid biomarkers of disease activity and progression.

Results {#S0002}
=======

Characterization of exosomes {#S0002-S2001}
----------------------------

Captured and non-captured exosome fractions were characterized by on-bead flow cytometry for the presence of selected antigens; western blots for tetraspanins and TSG101; TEM for morphology; and TRPS for the vesicle sizearps (SFigure 1). To illustrate the efficiency of immune capture, results of two capture experiments are shown in SFigure 1. In the first, there were 2.7 × 10^11^ exosomes/mL plasma before immune capture with anti- CD44v3 Abs and 1.6 × 10^11^ exosomes/mL in the non-captured fraction. Thus, 1.1 × 10^11^ CD44v3(+) exosomes/mL (\~45%) were immunocaptured. In the second experiment, the immunocapture efficiency was \~90%. By TRPS, exosomes in the captured and non-captured fractions were similar in size, but TME indicated a somewhat greater size heterogeneity of the non-captured exosomes. TSG101 was carried by captured and non-captured exosomes.

Expression levels of CD44 and CD44v3 in cell lines and cell line-derived exosomes {#S0002-S2002}
---------------------------------------------------------------------------------

Nearly all cells in the three cultured HNSCC lines and THP1 cells were CD44+ ([Figure 1a](#F0001)). However, the percentages of cells positive for CD44v3 were significantly lower in these cultured cells and varied from 60% to 25% in the three HNSCC cell lines. THP1 cells were only weakly positive, and COS-7 control cells were negative, as expected. Thus, at the cell surface, the CD44v3 protein expression discriminated between HNSCC cells and nonmalignant cells, while CD44 did not.10.1080/2162402X.2020.1747732-F0001Figure 1.CD44 and CD44v3 expression on cell lines and on exosomes produced by these cell lines. In a: Percentages of CD44+ and CD44v3+ cells in cultures of various cell lines as determined by flow cytometry. The data are means ± SD of four experiments performed with each cell line. In b: Representative flow cytometry results for CD44+ and CD44v3+ exosomes stained with labeled anti-CD44 or anti-CD44v3 Abs, respectively, and examined by on-bead flow cytometry. Note higher RFI values for CD44v3 exosomes, except in case of SSC47 exosomes. \*p \< .01. In c: Comparisons of RFI values for CD44+ and CD44v3+ exosomes produced by the cell lines shown in a. Note that exosomes produced by HNSCC cell lines are uniformly positive for CD44v3. The data are means ± SD of three flow cytometry assays for each exosome preparation.

When exosomes isolated from supernatants of the same cell lines were interrogated by on-bead flow cytometry for levels of CD44 and CD44v3 expression ([Figure 1b](#F0001), [c](#F0001)) all were found to be positive, but the RFI values varied considerably for CD44+ and CD44v3+ exosomes ([Figure 1b](#F0001)). While THP1-derived exosomes carried high levels of CD44 (RFI = 9.6), their CD44v3 protein content was minimal (RFI = 1.3). In contrast, all HNSCC-derived exosomes were CD44v3+, and only SCC47-derived exosomes carried more CD44 than CD44v3 protein. The data show that HNSCC cell-derived exosomes are positive/enriched in the CD44v3 protein ([Figure 1c](#F0001)) just like the HNSCC parent cells. These results provided the basis for investigating the presence/levels of these proteins in exosomes from HNSCC patients' plasma and the association of CD44+ and CD44v3+ exosomes with disease activity.

Clinicopathological characteristics of HNSCC patients {#S0002-S2003}
-----------------------------------------------------

The clinicopathological characteristics of the patients whose plasma was used for exosome isolation are listed in [Table 1](#T0001). The patients were predominantly male and the mean age was 61 yrs. Anatomical locations of the primary tumors were: oral cavity (45%), pharynx (16%) and larynx (36%). Seventeen patients (68%) donated blood at the time of diagnosis prior to any therapy. These patients had an active disease (AD). Eight patients (32%) donated blood after completing curative therapy at the time when they had no evidence of disease (NED) as determined by clinical evaluations. Fourteen patients (56%) presented with an advanced tumor stage (T3, T4) and 56% had a positive nodal status. Forty percent of the patients were UICC stage I or II and 60% were UICC III or IV. The majority of patients had a moderate histological differentiation grade by histopathology. Eighty percent of the patients consumed tobacco and/or alcohol (60%) at the time of diagnosis. HDs were matched for gender and age (+/−5 years).10.1080/2162402X.2020.1747732-T0001Table 1.Clinicopathological parameters. Patients (*n* = 44)Characteristics*n*%*Age (years)*  ≤632659\>631841(range: 41--99)  *Gender*  Male3375Female1125*Disease status*  AD3170NED1330*Primary tumor side*  Oral cavity2046Pharynx818Larynx1636*Tumor stage*  T11023T21227T31023T41227*Nodal status*  N02046N ≥ 12454*Distant metastasis*  M04398M112*UICC stage*  I1534II614III1023IV1329*Alcohol consumption*  Yes2659No1841*Tobacco consumption*  Yes3580No920

Increased CD44 and CD44v3 levels in plasma-derived exosomes of HNSCC patients compared to HDs {#S0002-S2004}
---------------------------------------------------------------------------------------------

To study levels of CD44+ and CD44v3+ exosomes in plasma of HNSCC patients, immunocapture was performed using anti-CD3 mAbs. As previously reported, ^[36](#CIT0036),[37](#CIT0037)^ this separated total plasma exosomes into two fractions: CD3(+) T-cell derived exosomes and CD3(-) exosomes, which in cancer patients are enriched in tumor-derived exosomes (TEX). Each of the fractions was next analyzed by on-bead flow cytometry for expression levels of CD44 and CD44v3 proteins, and [Figure 2a](#F0002) shows that the CD3(+) fraction was significantly enriched in CD44+ exosomes and contained significantly lower levels of the CD44v3 protein than the CD3(-) fraction. The enrichment of CD3(-) exosomes in CD44v3 protein was significant (*p* \< .005) and confirmed that this enrichment occurred in the exosome fraction derived, in part, from tumor cells.10.1080/2162402X.2020.1747732-F0002Figure 2.CD44 and CD44v3 expression on plasma-derived exosomes from HNSCC patients and HDs. In a: RFI values for CD44+ and CD44v3+ exosomes in total (prior to capture), CD3(+) and CD3(-) fractions captured from plasma of HNSCC patients. Note elevated CD44v3 levels in total and CD3(-) exosome fractions. In contrast, significantly higher CD44 levels seen on total and CD3(+) exosomes. In b: Mean RFI values (± SD) for expression levels of CD44 or CD44v3 on the exosome fractions obtained from plasma of 25 HNSCC patients or 7 HDs. Note that the same low levels of expression of both proteins in exosomes from plasma of HDs contrasts with high expression levels of CD44v3 in total and CD3(-) exosome fractions from patients' plasma. \*\*p \< .005; \*\*\*p \< .0005.

Similar immune capture was then performed with plasma of HDs. [Figure 2b](#F0002) shows that the CD3(-) and CD3(+) exosome fractions of HDs contained significantly lower and equivalent levels of CD44 and CD44v3 proteins relative to the same fractions in HNSCC patients' plasma.

Correlation of CD44 and CD44v3 levels in exosomes with clinicopathological parameters {#S0002-S2005}
-------------------------------------------------------------------------------------

The RFI values for the CD44+ and CD44v3+ proteins in exosomes in the CD3(+) and CD3(-) fractions immunocaptured from patients' plasma as described above were assessed by on-bead flow cytometry. Patients were divided into those with early (stage I/II) vs late (stage III/IV) disease and those with/without evidence of nodal metastases ([Figure 3a](#F0003)). No differences in RFI values for the CD44 protein were seen in the total, CD3(+) or CD3(-) fractions in HNSCC patients who were sorted based on disease stage. In contrast, RFI values for CD44v3+ exosomes were significantly higher in total and CD3(-) fractions, but not in the CD3(+) fraction, of patients with stage III/IV disease. Similar results were obtained when patients were stratified into those with N0 and N \> 1 disease. The data suggest that expression levels of the CD44v3, but not of CD44 protein, on total and CD3(-) plasma-derived exosomes correlate with clinicopathological variables in HNSCC patients, and that CD44v3 could be, therefore, considered as a potential target for selective immune capture of HNSCC-derived exosomes from plasma.10.1080/2162402X.2020.1747732-F0003Figure 3.Correlations of the CD44 and CD44v3 protein levels (in RFI values) on exosomes in total, CD3(+) and CD3(-) fractions derived from plasma of HNSCC patients with clinicopathological data. No significant correlations were observed between UICC stage or nodal status and expression levels of CD44 on exosomes. In contrast, significant correlations (\*p \< .05) were noted between CD44v3 expression levels on exosomes in the total or CD3(-) fractions and UICC status as well as nodal status.

Immune capture of plasma exosomes using anti-CD44v3 mAbs {#S0002-S2006}
--------------------------------------------------------

To evaluate the potential role of CD44v3 on tumor-derived exosomes (TEX) as a biomarker of disease progression in HNSCC, we next immunocaptured plasma exosomes with biotinylated anti-CD44v3 Ab. In parallel, immunocapture of the same plasma exosomes was performed with anti-CD45 mAb using CD45, a pan-hematopoietic marker, as a non-tumor control. As shown in SFigure 2A, B, the majority of exosomes in the captured fractions were CD44v3+ (RFI = 3.4) or CD45+ (RFI = 5.2), and the respective non-captured exosomes were minimally reactive for CD44v3 or CD45. The results confirm the selective enrichment of CD44v3(+) or CD45(+) exosomes in the captured fractions. Detection analysis of the captured exosomes by on-bead flow cytometry showed significantly higher levels for EpCAM in CD44v3(+) and CD45(-) exosome fractions ([Figure 4](#F0004)). Expression of CD44v3 was high in the CD44v3(+) fraction and minimal in the CD45(+) fraction. Conversely, and as expected, the CD45(-) fraction enriched in EPCAM contained high levels of CD44v3+ exosomes. Expression levels of CD44+ exosomes were low in CD44v3(+) and CD45(+) fractions. The data show that immune capture targeting CD44v3 on HNSCC exosomes reproducibly separates TEX from non-tumor-derived exosomes. Conversely, immune capture targeting CD45 on plasma-derived exosomes separates hematopoietic cell-derived exosomes from TEX, which are CD44v3+.10.1080/2162402X.2020.1747732-F0004Figure 4.Detection of antigens carried by immunocaptured CD44v3 exosomes from plasma of HNSCC patients (n = 12). In parallel, exosomes were also captured with anti-CD45 mAb as a control. Flow cytometry-based analysis showed the highest levels of EPCAM on CD44v3(+) exosomes. Expression levels of CD44v3 and EPCAM were also high in the CD45(-) fraction enriched in TEX; they were low in CD45(+) and CD44v3(-) exosomes. CD44 expression levels were comparable in all exosome fractions (\*p \< .05, \*\*p \< .005). Gray bars indicate CD44v3+ or CD45+ exosomes, while white bars indicate CD44V3(-) and CD45(-) exosomes.

Molecular content of CD44v3(+) exosomes in HNSCC plasma {#S0002-S2007}
-------------------------------------------------------

Flow cytometry analysis of the CD44v3(+) exosomes immunocaptured from plasma of HNSCC patients showed relatively high RFI values for EGFR, TGF-β1, PD-L1 and CSPG4, as compared to CD44v3(-) exosomes ([Figure 5a](#F0005)). Further, in CD44v3(+) exosomes, RFl values of EGFR, PD-L1, FasL, TGF-β and CSPG4 correlated with clinicopathological parameters: CD44v3(+) exosomes from patients with high stage disease (high UICC stage and lymph node metastasis) had higher levels of the immunosuppressive markers and EGFR than CD44v3(-) exosomes ([Figure 5b](#F0005)). The data are consistent with our previous reports demonstrating expression of immunosuppressive protein on TEX in HNSCC.^[25](#CIT0025),[26](#CIT0026)^10.1080/2162402X.2020.1747732-F0005Figure 5.Molecular content of captured CD44v3(+) and non-captured CD44v3(-) exosome fractions determined by on-bead flow cytometry. In a: comparative expression of exosome markers on CD44v3(+) and CD44v3(-) exosomes. Note elevated levels of immunosuppressive markers (PD-L1, FasL, TGF-β1) and tumor markers (EGFR, CSPG4) on CD44v3(+) exosomes. In b, correlations between expression of immunosuppressive and tumor markers on CD44v3(+) exosomes and UICC tumor stage or patients' lymph node status. Note significantly (\*p \< .05, \*\*p \< .005) increased expression levels of almost all markers in CD44v3(+) exosomes and captured fraction.

Discussion {#S0003}
==========

The presence and levels of CD44 isoforms in tumor cells have been associated with worse outcome in various types of cancer.^[38](#CIT0038),[39](#CIT0039)^ The CD44v3 isoform is differentially expressed in tumor tissues of HNSCC patients, and it has been associated with tumor progression.^[24](#CIT0024)^ Because the CD44v3 isoform expression on HNSCC cells has been linked to poor outcome,^[23](#CIT0023),[24](#CIT0024),[30](#CIT0030)^ we focused on this tumor-associated protein that is carried by tumor-derived exosomes as a potential biomarker of HNSCC activity and progression.

Emerging data suggest that plasma of cancer patients is rich in TEX, which potentially could serve as noninvasive liquid biopsies of the tumor.^[40](#CIT0040),[41](#CIT0041)^ We, therefore, asked whether: (a) CD44 and/or CD44v3 proteins are present on exosomes in plasma of HNSCC patients; (b) CD44v3 is a selective marker for HNSCC cells and (c) CD44v3(+) TEX in patients' plasma correlate with the clinicopathological profile and disease activity. To be able to study TEX present in cancer patients' plasma, it is necessary to separate them from non-tumor-derived exosomes. We have described an immune-based separation of melanoma cell-derived exosomes^[36](#CIT0036)^ and of CD3(+) T cell-derived exosomes^[37](#CIT0037)^ from plasma by using mAbs specific for antigens selectively carried by these exosomes. While CD3 is only expressed on T cells, and anti-CSPG4 mAb we used for immune capture has been shown to be specific for melanoma, ^[11](#CIT0011)^ no mAbs specific for antigens expressed on HNSCC exist. It was, therefore, important to ask whether the CD44v3 protein overexpressed on HNSCC cells might qualify as a potential biomarker of HNSCC. Although not specific for HNSCC, CD44v3 might serve as HNSCC-associated antigen that is enriched in TEX and, therefore, useful for their isolation from patients' plasma. Indeed, in contrast to CD44, the CD44v3 isoform carried by TEX might fit in the category of a biomarker of disease activity in HNSCC, because its expression levels on TEX correlated with disease stage and activity. Comparing the characteristics of CD44v3(+) exosomes with those of immunocaptured CD3(-) or CD45(-) exosomes, all of which are partially enriched in TEX, we demonstrated that CD44v3(+) exosomes in plasma of HNSCC patients meet the criteria for a potential biomarker of disease activity in HNSCC.

To date, a majority of studies performed with cancer tissues, including HNSCC, involve tumor biopsies,^[23](#CIT0023),[27](#CIT0027)^ and serial needle biopsies are difficult and often unreliable due to the tumor heterogeneity. Such biopsies often do not reflect the entire tumor microenvironment, and the false positive or negative results for CD44 and CD44v3 expression on tumor cells may be common, depending on the ratios of tumor/immune/stromal cells in each tumor. Clearly, a blood derived noninvasive \`liquid biopsy\` eliminates these concerns. Here, we provide a novel method of separating CD44v3(+) exosomes from patient\`s plasma which originate mainly from tumor cells and can be used to "track" the tumor load and the tumor stage in HNSCC patients. The correlative data linking disease activity in HNSCC patients to levels of CD44v3 expression on TEX are preliminary, but given promising data reported in this pilot study, further exploration is warranted to confirm the role of CD44v3(+) TEX as a reliable biomarker of tumor progression in HNSCC.

Not unexpectedly, CD44v3+ TEX were found to be enriched in the immunosuppressive and tumor growth-promoting cargo, including proteins such as PD-L1, FasL, TGF-β and EGFR. Further, quantification of the TEX immunosuppressive cargo by on-bead flow cytometry indicated that the RFI values for these proteins were significantly elevated in CD44v3+ TEX of patients with stage III/IV HNSCC and in patients with lymph node metastases relative to patients with stage I/II disease or no LN metastases. These results are consistent with the data previously reported by us for immunocaptured CD3(-) TEX in patients with HNSCC.^[37](#CIT0037),[42](#CIT0042)^ The data represent additional supportive evidence for the immunosuppressive role of TEX in cancer, and for the importance of TEX-mediated immunosuppression in cancer progression.^[40](#CIT0040),[43](#CIT0043)^

It might be instructive to consider why CD44v3 on TEX emerges as better biomarker of HNSCC activity than soluble CD44 isoforms. Soluble factors in plasma are susceptible to enzymatic degradation, while proteins associated with and carried by exosomes may be resistant to enzymatic hydrolysis. We have previously shown that PD-L1 expression on plasma exosomes in HNSCC patients significantly correlated to clinicopathological parameters, whereas soluble PD-L1 levels did not.^[8](#CIT0008)^ This and other similar findings suggest that exosomes are efficient transporters of intercellular messages without interference from the external environment. This feature of exosomes emphasizes their importance as biomarkers relative to soluble factors in body fluids.

In this communication, we not only provide evidence that CD44v3 is detectable on plasma-derived exosomes in HNSCC patients, but that elevated RFI values of CD44v3 in TEX might serve as potential biomarkers of disease stage and nodal metastasis as well as biomarkers of immune dysfunction frequently seen in patients with advanced cancers.^[3](#CIT0003)^

Materials and methods {#S0004}
=====================

Cell lines {#S0004-S2001}
----------

CD44 negative COS-7 cell line was purchased from the ATCC and cultured in DMEM complete media. HNSCC cell lines: PCI-30 (HPV-) was established in our laboratory^[39](#CIT0039)^ and SCC47 and SCC90 (HPV+) were obtained from Dr. Robert Ferris (University of Pittsburgh) and were cultured in DMEM complete media. The monocytic THP1 cell line was obtained from Dr. Saumendra Sarkar (University of Pittsburgh) and was maintained in RPMI complete medium.

Patients {#S0004-S2002}
--------

Peripheral blood specimens were randomly obtained from 44 HNSCC patients seen at the UPMC Otolaryngology Clinic between years 2008 and 2017. All samples were obtained from patients prior to any therapy. The blood samples were delivered to the laboratory and were immediately centrifuged at 1,000 x g for 10 min. Plasma specimens were stored in 1 mL aliquots at −80°C and were thawed immediately prior exosome isolation. The collection of blood samples and access to clinical data for research were approved by the Institutional Review Board of the University of Pittsburgh (IRB \#960279, IRB \#0403105 and IRB \#0506140). Clinicopathological characteristics of the patients enrolled in the study are shown in [Table 1](#T0001). Plasma from seven healthy donors (HDs) was obtained and processed as described above.

Exosome isolation by mini size-exclusion chromatography (mini-SEC) {#S0004-S2003}
------------------------------------------------------------------

The mini-SEC method for exosome isolation was established and optimized in our laboratory as previously described^[44](#CIT0044)^ (EV-TRACK ID: EV160007^[8](#CIT0008)^). Briefly, plasma samples or cell culture supernatants were thawed and were centrifuged first at 2,000xg for 10 min at room temperature (RT) and then for 30 min at 10,000xg at 4°C. Next, plasma was ultrafiltrated using a 0.22 μm filter (EMD Millipore, Cat \# SLGPO33RB). An aliquot of plasma (1 mL) was placed on a mini-SEC column and eluted with PBS. Sequential 1 mL fractions were collected, and fraction \#4 was highly enriched in exosomes. The fraction \#4 contained the majority of non-aggregated plasma-derived exosomes as previously reported.^[44](#CIT0044)^

Characteristics of plasma-derived exosomes {#S0004-S2004}
------------------------------------------

Exosomes isolated by mini-SEC were evaluated for their size by Tunable Resistive Pulse Sensing (TRPS), morphology and size by transmission electron microscopy (TEM), and the cellular origin by Western blots to confirm the presence of endosomal markers (e.g., TSG101) and other vesicle-associated proteins such as CD63, CD81 or CD9. These methods for confirmation of the exosome nomenclature are routinely followed as described in detail in our previous publications.^[40](#CIT0040),[45](#CIT0045),[46](#CIT0046)^ They follow the MISEV (2018) guidelines for the definition of extracellular vesicle (EV) size, vesicular morphology, cellular origin, biochemical composition and functionality.^[47](#CIT0047)^ Using these criteria, we are confident that the extracellular vesicles (EVs) we isolate from plasma or cell supernatants are exosomes (SFigure 1).

BCA protein assay and exosome concentration {#S0004-S2005}
-------------------------------------------

The protein concentration of the isolated exosome fraction \#4 was determined using a Pierce BCA protein assay kit (Pierce Biotechnology, Cat\# 23225) according to the manufacturer's instructions. Exosomes were concentrated using Vivaspin 500 (VS0152, 300,000 MWCO, Sartorius, Cat\# UFC510096). For FACS and other analyses, 10 μg of protein in 100 μL aliquots of PBS were used.

Flow cytometry of cells {#S0004-S2006}
-----------------------

Cells were stained for surface antigens using 200.000 cells/sample. After blocking with 2% bovine serum albumin (BSA), for 15 min, conjugated antibodies CD44-FITC (BD Biosciences) CD44v3-PE (R&D) or their matching isotypes were added and a 30-min incubation at 4 C followed. Cells were washed with FACS buffer (eBioscience) and immediately scanned in a Gallios flow cytometer (Beckman Coulter). Analysis was performed as recommended using Kaluza 1.5a software.

Immune capture of exosomes and detection of proteins on the surface of captured exosomes {#S0004-S2007}
----------------------------------------------------------------------------------------

For detection of exosome-associated surface proteins by flow cytometry, exosomes were first captured on ExoCap™ Streptavidin magnetic beads were purchased from MBL International, Cat \# MEX-SA) and used as previously described.^[37](#CIT0037),[42](#CIT0042)^ Briefly, exosomes were co-incubated with biotin-labeled anti-CD63 mAb (clone 353018, Biolegend) for measuring the total exosome fraction. For capture of T-cell derived CD3+ exosomes, anti-CD3 mAb (clone Hit3a, Biolegend) adjusted to the concentration of 1ug was used for 2 h incubation with exosomes at RT as described.^[38](#CIT0038)^ Next, an aliquot of beads (10uL for CD63 capture, 50uL for CD3 capture) was added, and the tubes were again incubated for 2 h at RT. Samples were washed 1x with dilution buffer from the kit using a magnet.

For detection of antigens carried by the captured exosomes, the bead/anti-CD63 or anti-CD3 Ab/exosome complexes were co-incubated with the selected detection Abs labeled with a fluorochrome or with the labeled isotype control Ab for 1 h at RT. Next, the complexes were washed 3x using a magnet and were re-suspended in 300uL of PBS for antigen detection by flow cytometry. The non-captured exosome fractions were collected and re-captured with anti-CD63 mAb as described above for detection of their cargo.

Immune capture of exosomes carrying CD44v3 was performed using anti-CD44v3 biotinylated Ab (clone BBA11, R & D Systems). Anti-CD44v3 Ab was purchased from R&D systems and was biotinylated with the Lightning-Link Biotin Antibody Labeling Kit (Novus Biologicals). Biotinylation was confirmed by flow cytometry. The immune capture procedure was the same as described above with the following modifications. CD44v3 biotinylated antibody (1 mg/mL) was used at the ratio of 1:25 (2ug) in 100 uL PBS and 100 uL beads were added.

Immune capture of exosomes carrying CD45 was also performed as described above with the following modifications: biotinylated CD45 Ab (clone HI30, Biolegend) was used at a dilution of 1:25 (2 ug) in 100uL PBS and 25uL beads were added. The incubation with the CD45 biotinylated Ab was performed O/N at 4 C. The non-captured fraction was re-captured with anti-CD63-biotinylated antibody for antigen detection by on-bead flow cytometry.

Antigen detection by on-bead flow cytometry using fluorochrome-conjugated Abs was performed following blocking with mouse serum for 30 min at RT. The following detection Abs were used: PD-L1 PE (eBioscience), TGF-b LAP PE (R&D), CD45 PE-Cy7 (Beckman Coulter), CD63 APC (Biolegend), EGFR PE (Biolegend), Fas ligand PE (all Biolegend), EpCAM PE (Abcam). Anti-CSPG4 Ab was a gift from Dr. Soldano Ferrone (Harvard Medical School, Cambridge, USA); it was conjugated to APC using the Lightning-Link APC Antibody Labeling Kit (Novus Biologicals).

To confirm the efficiency of immune capture of CD44v3(+) and CD45(+) exosomes, the non-captured fractions were re-captured using biotinylated anti-CD63 antibody, stained for CD44v3 or CD45, respectively, and analyzed by on-bead flow cytometry. In these assays, CD44v3(+) or CD45(+) exosomes were always under 10% (SFigure 1).
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